Obesity increases risk of age-related cognitive decline and is accompanied by peripheral inflammation. Studies in rodent models of obesity have demonstrated that impaired hippocampal function correlates with microglial activation, but the possibility that neuron/microglia interactions might be perturbed in obesity has never been directly examined. The goal of this study was to determine whether high fat diet-induced obesity promotes synaptic stripping by microglia, and whether any potential changes might be reversible by a return to low-fat diet (LFD). Time course experiments revealed that hippocampal inflammatory cytokine induction and loss of synaptic protein expression were detectable after three months of HFD, therefore subsequent groups of mice were maintained on HFD for three months before being switched to LFD for an additional two months on LFD (HFD/LFD). Additional HFD mice continued to receive HFD during this period (HFD/HFD), while another group of mice were maintained on LFD throughout the experiment (LFD/LFD). Dietary obesity impaired hippocampus-dependent memory, reduced long-term potentiation (LTP), and induced expression of the activation marker major histocompatibility complex II (MHCII) in hippocampal microglia. Diet reversal only partially attenuated increases in adiposity in HFD/LFD mice, but plasticity deficits and MHCII induction were normalized to within the range of LFD/LFD mice. Microglial activation and deficits in hippocampal function were accompanied by perturbation of spatial relationships between microglial processes and synaptic puncta. Analysis of primary microglia isolated from HFD/HFD mice revealed selective increases in internalization of synaptosomes labeled with a pH-sensitive fluorophore. Taken together, these findings indicate that dietary obesity reversibly impairs hippocampal function, and that deficits may be attributable to synaptic stripping by microglia.
Introduction
Obesity is associated with chronic systemic inflammation and has also been shown to increase risk of age-related cognitive decline (Kanneganti and Dixit, 2012; Whitmer et al., 2008; Xu et al., 2011) . While the pathogenesis of metabolic comorbidities in obesity is well-characterized, cellular mechanisms for cognitive impairment in obesity remain less so. Multiple reports indicate that that high-fat diet (HFD)-induced obesity impairs cognitive function in rodent models (Molteni et al., 2002; Stranahan et al., 2008; McNay et al., 2010) . Because hippocampal neurons exhibit early vulnerability during age-related cognitive impairment, studies of cognitive dysfunction in obesity have primarily focused on differences in hippocampal synaptic plasticity. Parallel observations by multiple groups now support the idea that obesityinduced systemic inflammation is accompanied by inflammation in multiple brain regions, including the hippocampus (Erion et al., 2014; Buckman et al., 2014; Sobesky et al., 2014) .
Microglia are brain-resident phagocytes that continuously monitor the neuropil with motile processes for detection and clearance of cellular debris. In addition to removing dead cells and extracellular aggregates, microglia also internalize synaptic terminals (Kettenmann et al., 2013) . Synaptic internalization by microglia is critical for developmental synaptic pruning (Paolicelli et al., 2011) and evidence from the visual cortex indicates that this process is activity-dependent (Tremblay et al., 2010) . Microglia/ neuron interactions are not limited to internalization or 'stripping,' as a number of signaling pathways that attract microglia to inactive synapses have now been identified (Stevens et al., 2007; Schafer et al., 2012) . Microglia also influence plasticity through local release of neurotrophins at dendritic spines (Parkhurst
